paramount importance.
1 Clinical indices tend to be too complex and time consuming for daily routine practice, and are hindered by inaccuracy due to subjective components. Endoscopy is costly, invasive, and has been associated with morbidity, and rarely, with mortality.
1
Various noninvasive tests have been studied in the past to screen for patients with gastrointestinal inflammation, but with limited accuracy and sensitivity. Clearly, a simple, reliable, reproducible, and non-invasive test, with the ability to differentiate IBD from other gastrointestinal conditions is needed as a clinical investigative tool. Fecal biomarkers of intestinal inflammation are attractive in the clinical routine as they could provide a non-invasive examination that can help screening patients with mild symptoms such as abdominal Fecal S100A12 in IBD Yi F specificity of 96% was described for distinguishing IBD from irritable Bowel Syndrome. Fecal S100A12 was also elevated in bacterial enteritis but not in viral gastroenteritis. Therefore, Kaiser et al 7 concluded that fecal S100A12 correlated better with intestinal inflammation than fecal calprotectin or other biomarkers. A study by de Jong et al 10 showed that the sensitivity and specificity of S100A12 could reach up to 96% and 92% in children with IBD in comparison to healthy controls when the cut-off was greater than 10mg/kg. The sensitivity and specificity was 86% and 96% when compared to irritable bowel syndrome in adult patients. 7 It could be detected in serum, but its sensitivity and specificity are lower than in feces.
11
In the present study, we aim to investigate fecal S100A12 in Chinese patients with inflammatory bowel disease and promote the application of this non-invasive tool in China.
■ METHODS AND MATERIALS

Patients and controls
Eighteen patients with CD, 21 patients with UC hospitalized in the Department of Gastroenterology of Zhongnan Hospital of Wuhan University were included in this study, from Dec/2011 to Sep/2012. Patients with the coexistence of other severe systemic or infectious diseases were excluded. The diagnosis of UC and CD was based on clinical, laboratory, imaging, endoscopic and histological examinations, and in accordance to the Chinese Medical Association diagnostic criteria for IBD.
12 Disease classification was according to the Montreal Classification.
13
Clinical disease activity of UC was assessed through the Truelove and Witts criteria; 14 Crohn's disease activity was assessed through the Harvey-Bradshaw Index (HBI).
15
Simultaneously, 17 healthy volunteers (controls) who attended this center for constitutional examination of health were recruited in Zhongnan Hospital Medical Center of Wuhan University. All volunteers were unrelated to each other or to the patients from Hubei province, and had no history of IBD, chronic infectious diseases, immunemediated, ischemic and radiation-induced diseases. The clinical profiles are presented in Table 1 .
Ethics statement
The ethic committee of Zhongnan Hospital of Wuhan University approved the study. Informed Consent was signed by all participants involved in this study, along with permission for the use of the samples acquired for scientific research.
Pretreatment of feces
Feces was processed as follows: 4.9ml PBS buffer solution was added to 100mg wet weight of feces; this pain or diarrhea. Furthermore, the measurement of such biomarkers can be repeated to follow up inflammation or to detect early sub-clinical activity.
3 Potential specific roles for these markers include the detection of gut inflammation in individuals presenting with undifferentiated gut symptoms, evaluation of the success of anti-inflammatory therapies and the confirmation of mucosal healing. Key criteria for such indicators consist of high sensitivity and specificity, good acceptability, low cost, and ease of collection and measurement.
Fecal markers of inflammation have the advantage of a more direct assessment of the gut mucosa. Over time, the presence of fecal white blood cells and the measurement of fecal a-1-antitrypsin have been widely available as indicators of gut inflammation; however, these tests have low sensitivity.
4
S100A12 also known as calgranulin C, is a member of the S100 protein family. In humans, it consists of twenty five EF-hand (a helix-loop-a helix), calcium-binding proteins. It is secreted by activated neutrophils and promotes inflammation through the activation of extracellular receptors for advanced glycation end products-binding protein (ENRAGE). Neutrophil influx into the intestinal mucosa is closely related to IBD activity, especially during early phases of inflammation. Neutrophil-derived S100A12 in tissue and exudates strongly correlates with inflammatory activity. Excretion of the protein into the gut lumen could reflect the number of neutrophils infiltrating the mucosa as well as their activation status.
6 S100A12, as a marker of neutrophil activation, is more restricted to granulocytes and is released during inflammatory conditions at the site of inflammation and abundant in the intestinal mucosa of patients with IBD. Over-expression at the site of inflammation and correlation with disease activity in a variety of inflammatory disorders underscore the role of this granulocytic protein as a proinflammatory molecule. 7, 8 Once bacterial enteritis is ruled out, fecal S100A12 may be an excellent non-invasive marker of disease activity of IBD; it may be superior to other biomarkers including fecal calprotectin, which is derived from monocytes and potentially from epithelial cells, making it less specific for infiltrating neutrophils.
Fecal S100A12 performed as an exceptional screening marker for children with IBD, with superior sensitivity and specificity when compared to current blood tests. Though standard blood tests including C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), platelet count, and albumin are traditionally used as inflammatory markers in patients with suspected IBD, they generally correlate poorly with histopathologic diagnosis. 9 Kaiser et al 7 recruited fecal specimens of 171 patients and 24 healthy controls. Fecal S100A12 distinguished active IBD from healthy controls with a sensitivity of 86% and a specificity of 100%. An excellent sensitivity of 86% and was incubated in a water bath at 70 0C for 5 min and subsequently centrifuged at 5000rpm for 1 min; 0.5ml of the supernatant fluid was collected.
ELISA of fecal S100A12
Enzyme linked immunosorbent assay(ELISA) kit CircuLex S100A12/EN-RAGE was used to detect fecal S100A12. Optical density (OD) of each specimen was assayed by microplate reader.
Statistical analysis SPSS 13.0 software (SPSS for Windows version 13.0, Chicago, IL, USA) was used to conduct the statistical analysis. Measurement data are presented as mean ± standard deviation (SD), and categorical data are expressed as percentages and number of cases. Normality homogeneity tests for variance were performed for each group samples; Mann-Whitney U test was employed for nonnormal distribution or heterogeneity of variance. Whenever bivariance exhibited normal distribution, the correlations of S100A12 and clinical characters were calculated by Pearson correlation test, otherwise by Speaman correlation test. To determine the accuracy of S100A12 measurements as a prognostic test the corresponding Receiver Operating Characteristic (ROC) curves were drawn by plotting sensitivity against 1-specificity. Overall accuracy of the marker in detecting IBD relapse was represented by area under the curve (AUC) with 95% confidence interval. Best cutoff point is defined as the maximum sum of sensitivity and specificity. A P value of 0.05 was considered statistically significant. χ2 test with Yates continuity correction or Fisher's exact test was performed to compare measurement data. Odds ratio(OR) and 95% confidence intervals(CI) were calculated. All calculated P-values were two-sided.
■ RESULTS
Distribution of fecal S100A12 in 3 groups
The distribution of fecal S100A12 in 3 groups is shown in Figure 1 . There are significant increases (p < 0.01) in both Ulcerative colitis and Crohn's Disease when compared to controls.
The diagnostic value for Ulcerative Colitis and Crohn's Disease. Figure 2A shows the ROC curve of S100A12 in the diagnosis of UC. The sensitivity and specificity are 70.6% and 80.0% respectively at a cut-off of 0.95mg/ kg. Compared to controls, the area under the curve is 0.78 (p=0.006) and the 95%CI is 0.622-0.947. Figure  2B shows the ROC curve of S100A12 in the diagnosis of CD. The sensitivity and specificity are 95.2% and 53.3% respectively, at a cut-off of 0.69mg/kg. Compared to controls, the area under the curve is 0.778 (p=0.005) and the 95%CI is 0.625-0.930). Fecal S100A12 in IBD Yi F Figure 1 . Distribution of fecal S100A12 in 3 groups Sensitivity, specificity, Youden index, positive likelihood ratio(LR+) and negative likelihood ratio(LR-) of S100A12
As shown in Table 2 , in Ulcerative Colitis, the Youden index(γ) for S100A12 is 0.506, which is higher than those for ESR and CRP. In Crohn's Disease, the Youden Index for S100A12 is 0.485, with no difference relative to ESR or CRP. The S100A12 positive and negative likelihood ratios are not relevant for either UC or CD.
The correlations of S100A12 and clinical profiles
As shown in Table 3 , in Ulcerative Colitis, fecal S100A12 correlated with fecal occult blood (p=0.02, r=0.55). In Crohn's Disease, fecal S100A12 correlated with disease duration, plasma albumin and platelet count (p=0.01, r=-0.53; p<0.01, r=-0.65; p=0.04, r=0.45.respectively).
■ DISCUSSION
S100A12 is a member of S100 calcium binding protein family. Activated extracellularly, 16 it is a type of damage-associated molecular pattern protein. These endogenous molecules are released by activated or damaged cells under conditions of cell stress. S100A12 has also been shown to be produced by neutrophils, and it is believed that its expression in leukocytes is specifically restricted to granulocytes and monocytes;
7 it interacts with the multi-ligand RAGE, as a receptor transducing proinflammatory signals in the endothelial cells and cells of the immune system. 17 Foell et al. provided the first demonstration of the expression of S100A12 in adults with Invlammatory Bowel Disease. This study delineated the tissue expression of S100A12 in the gut of individuals with CD and UC and measured circulating S100A12 in the serum of these patients. S100A12 was present in high levels in the inflamed mucosa and elevated serum levels were seen in the adults with CD and UC. Levels of S100A12 were also found to correlate with clinical indicators of disease activity.
18
S100A12 level was also significantly increased in Behçet's and Kawasaki disease (two other autoimmune diseases), and was correlated with disease activity.
17
The focus of work to date has been upon defining S100A12 as a fecal marker of active gut inflammation, thereby establishing it as a tool in the assessment of children or adults presenting with undifferentiated symptoms. It is remarkably resistant to degradation by fecal bacteria, and stability of fecal specimens is acceptable for at least 7 days at room temperature. 10 MedicalExpress (Sao Paulo, online) 2017 June;4(3):M170303 Fecal S100A12 in IBD Yi F Van de Logt et al 19 figured out that S100A12 was a potentially novel biomarker for IBD, provided it could meet some characteristics, such as high sensitivity, high specificity, good compliance, low costs, ease of collection and detection.
de Jong et al 10 reported that fecal S100A12 had a sensitivity of 96% and a specificity of 92% (at a cutoff of 10 mg/kg) when distinguishing between healthy controls and the IBD group (mainly Crohn's Disease). These German investigators demonstrated that fecal S100A12 measurements could differentiate between 59 adults with IBD and 24 adults with Irritable Bowel Syndrome. S100A12 measurement provided a sensitivity of 86% and a specificity of 96% in this study. As happens in the pediatric experience, S100A12 performed better than calprotectin in this cohort. Fecal S100A12 levels also distinguished between active IBD and healthy controls, with a sensitivity of 81% for CD, and 91% for UC, and a specificity of 100% for both. 7 de Jong et al 10 utilized an in-house immunoassay to quantify fecal S100A12 levels in children with newly diagnosed IBD and in a small group of healthy control children. Elevated levels of fecal S100A12 were demonstrated in the children with IBD. Fecal S100A12 cut-off value of 10 mg/kg provided a sensitivity of 96% and specificity of 92% in distinguishing between children with IBD and normal healthy controls. In this cohort of patients, fecal S100A12 correlated with serum inflammatory markers and pediatric CD activity index scores. Kaiser et al. 7 investigated the utility of fecal S100A12 compared to fecal calprotectin as a marker for intestinal inflammation. Children diagnosed with IBD (n = 31) had elevated fecal S100A12 (median 55.2 mg/kg) and fecal calprotectin (median 1265 mg/kg) levels when compared to 30 children without IBD (median S100A12 1.1 mg/ kg; median calprotectin 30.5 mg/kg). The sensitivity and specificity of fecal S100A12 for the diagnosis of IBD (cutoff 10 mg/kg) were both 97%, whereas fecal calprotectin had a sensitivity of 100% and a specificity of only 67%. Manolakis et al.
11 investigated S100A12 serum levels in 64 patients with ulcerative colitis (UC), 64 with Crohn's disease (CD) and 73 with Irritable Bowel Syndrome. UC and CD patients had significantly higher serum S100A12 levels compared to Irritable Bowel Syndrome patients (P = 0.001 for both comparisons). Moreover, a cut-off for serum S100A12 levels of 54.4 ng/mL could predict both UC and CD with a 66.7% sensitivity and a 64.4% specificity. When used to distinguish IBD from Irritable Bowel Syndrome in adult patients, serum S100A12 levels exhibited a moderate performance. On the other hand, serum S100A12 may serve as an inflammatory marker in IBD, since it is well correlated with CRP and serum amyloid A.
11
Above all, fecal S100A12 provides very high sensitivity and improved specificity compared to fecal calprotectin for the detection of gut inflammation in Fecal S100A12 in IBD Yi F children. Although colonoscopy and upper gastrointestinal endoscopy remain essential in establishing a diagnosis of IBD and in defining the type of IBD, fecal S100A12 appears to be an ideal noninvasive screening test to select the children in whom these invasive and laborious investigations are required.
7
In our study, in the diagnosis of UC, the sensitivity and specificity are 70.6% and 80.0% separately (cut-off: 0.95mg/kg). In the diagnosis of CD when compared to healthy controls, the area under the curve was 0.778 (p=0.005) and the 95%CI was 0.625-0.930. The sensitivity and specificity are 95.2% and 53.3% (cut-off: 0.69mg/kg). The cut-off is lower than previously reported, which may be due to differences between Westerners and Asians; the disease activity in patients recruited for this study is mild to moderate, the inflammation of the intestine is not severe. It is also possible that the lower sensitivity and specificity in our study may be related tothe small number of included patients.
In our Ulcerative colitis patients, the Youden index for S100A12 was 50.6%, which is higher than those for ESR and CRP. In our Crohn's Disease patients, no differences were found for the Youden Index between S100A12, ESR, and CRP. The S100A12 values of LR+ and the LR-were not very good for UC or CD.
In the study of Sidler et al, 7 fecal S100A12 did not correlate with ESR, CRP, platelet count, or serum albumin in children with CD. However, Dabritz et al 20 showed that fecal and serum S100A12 correlated positively with CRP, ESR, white blood cell count, and platelets; fecal but not serum S100A12 levels correlated negatively with hemoglobin. S100A12 performed not only as a promising marker for disease activity but also as a good marker for disease location and behavior in CD as well as for the extent of UC. 20 Indeed, in a previous study, we were able to show that in active CD, the release of S100A12 is strongly dependent on localization, with little release from sites of active ileal inflammation compared with colonic inflammation.
21
Serum S100A12 levels correlated with disease behavior in CD and were highest in patients with penetrating disease followed by stricturing and nonstricturing/nonpenetrating disease. Interestingly, fecal S100A12 concentrations did not significantly correlate with disease behavior in CD. 20 This may reflect the fact that the penetrating disease may lead to a more pronounced systemic inflammatory process such as the presence of abscesses and fistulae. Accordingly, Sidler et al 2 found no correlation between fecal S100A12 and disease activity, measured by the PCDAI, whereas Kaiser et al 7 showed only a correlation between fecal S100A12 and PCDAI in children with a continuous, but not with a noncontinuous distribution of intestinal inflammation in CD. 7 A strong correlation between fecal S100A12 levels and endoscopically and histologically confirmed intestinal inflammation in both CD and UC. Our head-to-head comparison of fecal S100A12 and fecal calprotectin showed that fecal S100A12 was superior in distinguishing active IBD from Irritable Bowel Syndrome.
In our study, Fecal S100A12 correlated with fecal occult blood (p=0.02, r=0.55) in UC. However, in CD, fecal S100A12 correlated with disease duration, albumin and platelet (p=0.01, r=-0.53;p<0.01, r=-0.65; p=0.04, r=0.45, respectively). Fecal S100A12 is not correlated with disease location, behavior, activity and endoscopically or histologically diagnosed inflammation.
Turner et al 22 enrolled children presenting with acute severe UC in multiple pediatric units in North America; some were newly diagnosed and some had a longstanding diagnosis of UC. Serial stool samples were collected from these children and utilized to measure four fecal markers, including S100A12. The levels of these markers were evaluated for their values in predicting the response to initial medical therapy and other key outcomes. Fecal S100A12 levels were greatly elevated in these children. However, these levels did not correlate well with subsequent clinical response. Dabritz et al 20 included 147 adults and 34 children showed fecal S100A12 levels increased significantly in the relapse group. Time course analysis of fecal S100A12 before and after relapse showed a clear increase of S100A12 concentrations up to 6 months before clinical relapse. At 0.43mg/kg, the sensitivity and specificity of S100A12 for predicting relapse already 8 to 12 weeks earlier were 70% and 83%, respectively. Some data have also demonstrated that fecal levels of S100A12 fall following anti-inflammatory therapy, indicating that this marker could become a further easy way to assess response to therapy. Additional potential roles of S100A12 may be as indication of mucosal healing and in the prediction of potential relapse. 19 Furthermore, intense scientific research on S100 proteins has revealed a wide range of possibilities for novel S100-oriented therapeutic interventions. In the study of Hofmann et al. inhibition of the interaction of S100A12 with RAGE reduced inflammation in a murine model of colitis.
23
The results of our research exhibit some limittations, such as small number patients we collected, and we expect to expand this information in future.
■ CONCLUSION
Fecal S100A12 appears to be a promising candidate as a biomarker for the early assessment of non-specific gut symptoms, permitting a more focused future investigation in those individuals most likely to have organic disease and an avoidance of invasive tests in those with a low likelihood of such pathology.
